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BH
BE
ELBESABE   UUU 
 
IURPZKLFKLWIROORZVWKDWSABE SBEH
%\DGRSWLQJWKH+SRLQWRIWKHFHQWHURIWKHFLUFOHZLOOPDNHLQDSRLQW,QRWFKZLWKUDGLXV(+RQWKHOLQH%&
6TXDUHVRIWKHWULDQJOHV%(1DQG(+,RYHUDOOKHLJKW(/DUHWRRQHDQRWKHUDVWKHLUEDVHV
BH
EH
BH
HI
S
S
BEH
EHI   
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,W FDQEHVHHQ WKDW'BEH DQG WKH IRUFH WULDQJOHZLWK WKHHTXDODQJOHVDUH VLPLODUKRZHYHU6XEVWLWXWLQJ WKHVH
YDOXHVLQWKHSUHYLRXVHTXDWLRQFDQREWDLQ
ABEABE
EHI
S
Q
G
Q
S
S
U
  . 
)URPWKLVLWLVSRVVLEOHWRGHWHUPLQHWKHSUHVVXUHRQWKHZDOOQ USEHI
7KHLQWHUVHFWLRQFRQGLWLRQLQWHUVHFWLRQRIWKHOLQHVRIWKHIRUFHVG Q DQG R DWRQHSRLQWZKLFKLVHTXLYDOHQW
WR WKHHTXDOLW\ WR]HURRI WKHVXPRI WKHPRPHQWVRI WKHVH IRUFHVDERXWDQ\SRLQW LQ WKHSODQHDOORZVDQ LQILQLWH
QXPEHURISRVLWLRQVDQGIRUFHVZLWKDJLYHQGLUHFWLRQ&RQVLGHULQJDQ\RIWKHVHSURYLVLRQVLWLVSRVVLEOHWRHTXDWHDQ
HTXDWLRQRIPRPHQWVDERXWSRLQW%)LJ
   ¦ GxRrQrM B . 
,QWKLVHTXDWLRQWKHWZRXQNQRZQTXDQWLWLHVrDQGrFDQQRWEHGHWHUPLQHGXQLTXHO\
7KXVWKHHTXDWLRQRIPRPHQWVDOORZVWRDVVRFLDWHWKHVKRXOGHUVYDOXHVRIrDQGrZKLFKGHWHUPLQLQJWKHIRUFH
SRVLWLRQQ DQG R EXWGRHVQRWDOORZWRGHWHUPLQHWKHYDOXHVRIWKHVHVKRXOGHUVZLWKRXWDGGLWLRQDODVVXPSWLRQV
7RHTXDWHWKHIRUPXODVIRUGHWHUPLQLQJWKHHIIHFWLYHSUHVVXUHRQWKHJUDQXODUERG\RQWKHUHWDLQLQJZDOOVLVXVHG
JUDSKLFDQDO\WLFDOPHWKRG,IWKHVXUIDFHRIWKHJUDQXODUERG\LVDSODQHWKHEDVHRIWKHVOLGLQJSULVPZLOOEHWULDQJOH
$%(ZKLFKVKRXOGEHRIHTXDOWRWULDQJOHȼȿɇDVGHVFULEHGDERYH)LJ6LQFHWKHVHWULDQJOHVZLWKDFRPPRQ
EDVH%(WKHLUKHLJKWVVKRXOGEHHTXDO WR WKXV$.LVHTXDOVDQGSDUDOOHOHTXDOV WR(+WKHUHIRUH.+LVHTXDODQG
SDUDOOHOWR$(DQGWKHILJXUHLV$(+.LVSDUDOOHORJUDP


)LJ7KHVFKHPHIRUWKHGHWHUPLQLQJRIWKHSUHVVXUHRIJUDQXODUERGLHVRQWKHUHWDLQLQJZDOOVE\WKHJUDSKRDQDOLWLFDOPHWKRG
IRUWKHFDVHRIWKHSODQHVXUIDFHRIWKHJUDQXODUERG\
)URPWKHVLPLODULW\RIWULDQJOHVȼȿɋDQGȼɄɇWKHSURSRUWLRQRI
HK
BE
BH
BC  FDQEHIRUPHG)URPWKHVLPLODULW\
RIWULDQJOHVȼȿɇDQGȼɄ'±
BD
BH
BK
BE  
7KXV
BD
BH
BH
BC  RU BDBCBH   
)URPIRUWKHDFWLYHSUHVVXUHRIWKHJUDQXODUERG\RQWKHZDOOLWLVSRVVLEOHWRHTXDWHWKHSURSHUIRUPXODIRUWKH
FDVHZKHQWKHILOOLQJVXUIDFHLVSODQH)RUWKDWXVHWKHEXLOGLQJDVVKRZQLQ)LJ
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EDGD
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MDJ ygKpɧ  
ZKHUHKG ± WKH FRHIILFLHQW RI YHUWLFDO G\QDPLFV J ± GHQVLW\ g ± DFFHOHUDWLRQ RI JUDYLW\ y ± GLVWDQFH IURP WKH
VXUIDFHDEGM±WKHZDOORIWKHERG\WKHWLOWDQJHOVDQGWKHVXUIDFHRIWKHFDUJRWRWKHKRUL]RQWKHFDUJRIULFWLRQ
RQWKHZDOORIWKHERG\DQGWKHDQJOHRIQDWXUDOVORSH
$V FDQ EH VHHQ QRUPDWLYH GLVWULEXWLRQ KDV D VPDOO LQDFFXUDF\ LQ WKH H[SUHVVLRQ DOWKRXJK QRW VLJQLILFDQWO\
LQIOXHQFHWKHUHVXOWV
7KXVZLWKWKHQRUPDWLYHDSSOLFDWLRQRISUHVVXUHIURPWKHWUDQVSRUWHGJUDQXODUFDUJRLVQRWSRVVLEOHWRFRQVLGHUDWLRQ
RIDQXPEHURISK\VLFDODQGPHFKDQLFDOSURSHUWLHVRIWKHFDUJRIRUH[DPSOHFRKHVLRQDQGGLODWDQF\DQGDVQRWHGE\
3XWVLDWD ZKLFK FKDQJLQJRIWHQ UHVXOW LQ DPDWHULDO DGMXVWPHQW WR WKH UHVXOWV)XUWKHUPRUH LQ WKLV DFFRXQWLQJ
DSSURDFKRIJUDQXODU ORDGLQJRI WKHFDUERG\KDYLQJGLIILFXOWLHV LQGHWHUPLQLQJ WKHSUHVVXUHRQ WKHZDOOVRI WKHFDU
KDYLQJD³WHDUGURS´VKDSHJHWQRZZLGHO\XVHGLQWKHGHVLJQRIWKHEXQNHUW\SHFDUV,WVKRXOGDOVREHQRWHGWKDWWKH
DSSOLFDWLRQRI WKHVDLGVFKHPHRIDSSO\LQJRI WKHSUHVVXUHIURPWKHWUDQVSRUWHGJUDQXODUFDUJRLVQRWHIIHFWLYHZKHQ
FRQVLGHULQJWKHIHDWXUHVRIORDGLQJWKHERG\DFFRPSDQLHGE\WKHSUHVHQFHRIWUDQVLHQWVFDUPRYHPHQWDVVRFLDWHGZLWK
KLJKJUDGLHQWVRINLQHPDWLFFKDUDFWHULVWLFVRIWKHVWUXFWXUDOHOHPHQWVRIWKHUROOLQJVWRFNHPHUJHQF\EUDNLQJLQDFXUYH
WKHFROOLVLRQRIFDUV
7KHJHQHUDOVFKHPHRIWKHSURSRVHGPHWKRGRORJ\
$VQRWHGE\3DYOXNRY DQG/DSVKLQ  DQG3XWVLDWD  WKH UHVXOWV RI FRPSXWHU VLPXODWLRQRI JUDQXODU
FDUJRORDGLQJFDUERGLHVZLWKXVLQJGLIIHUHQWDSSURDFKHVWRGHVFULEHWKHPHFKDQLFVRIJUDQXODUERGLHVVKRZHGWKDW
LQPRVWFDVHVWKHSUHVVXUHGLVWULEXWLRQIRUH[DPSOHRQWKHHQGRIWKHZDOOLVKDVORDGLQJ7RGHWHUPLQHWKHDFWXDO
GLVWULEXWLRQ RI SUHVVXUH IURP WKH JUDQXODU FDUJR RQ WKH ZDOOV RI WKH FDU ERG\ LV QHFHVVDU\ WR FRQGXFW WKH ILHOG
H[SHULPHQWV
7KXVWKHPDLQDLPLVWRGHYHORSDQH[SHULPHQWDOPHWKRGRORJ\IRUGHWHUPLQLQJWKHG\QDPLFORDGLQJRIWKHFDU
ERG\E\JUDQXODUFDUJR7KHSURFHGXUHLQYROYHVWKHIROORZLQJPDLQVWHSV
x ZRUNLQJRXWRIWKHSURJUDPRIUHDOL]DWLRQRSHUDWLRQDOORDGLQJFKDUDFWHUL]HGE\FRQVLGHUHGW\SHRIWKHUDLOZD\
FDUZLWKJUDQXODUFDUJR
x ZRUNLQJRXWRIWKHGHYLFHDOORZLQJWRGHILQHSUHVVXUHIURPJUDQXODUFDUJRRQDUDLOZD\FDUERG\
x ZRUNLQJRXWRIWKHVFKHPHRILQVWDOODWLRQRIGHYLFHVLQDERG\RIWKHUDLOZD\FDUDQGWKHLUDGMXVWPHQW
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x LQVWDOODWLRQRIGHYLFHVLQDUDLOZD\FDUERG\DQGFRQQHFWLRQWRWKHUHJLVWHULQJHTXLSPHQW
x ORDGLQJRIDERG\RIWKHFDUE\JUDQXODUFDUJRDQGGHILQLWLRQRIYDOXHVRISUHVVXUH
x UHDOL]DWLRQRIRSHUDWLRQDOPRGHVRIORDGLQJRIWKHFDUDFFRUGLQJWRWKHGHYHORSHGSURJUDPDQGGHILQLWLRQRI
YDOXHVRISUHVVXUHIURPJUDQXODUFDUJRRQDERG\
x SURFHVVLQJRIUHVXOWVRIFDUU\LQJRXWRIH[SHULPHQWVDQGFRQVWUXFWLRQVSDWLDOFXUYHVRIWKHG\QDPLFUDLOZD\FDU
ORDGLQJDWLQWHUDFWLRQZLWKJUDQXODUFDUJRIRUYDULRXVPRGHVRIRSHUDWLRQ
$QDSSDUDWXVIRUGHWHUPLQLQJWKHORDGLQJRIWKHFDUERG\RIJUDQXODUFDUJR
7RFDUU\RXWLQRUGHUWRSHUIRUPH[SHULPHQWDOVWXGLHVRIWKHFDUERG\ORDGLQJDGHYLFHZKLFKDOORZVUHFRUGLQJWKH
JUDQXODUFDUJRSUHVVXUHGLVWULEXWLRQRQWKHFDUERG\LVGHVLJQHGDQGPDQXIDFWXUHG)LJ


)LJ$GHYLFHIRUUHFRUGLQJWKHSUHVVXUHGLVWULEXWLRQRIEXONFDUJRRQWKHFDUERG\
7KHGHYLFHRSHUDWHVDVIROORZV$IWHUPRXQWLQJWRWKHERG\RIWKHFDULQWKHWHVWVLWHE\GLVFORVHGSODQHVLOOWKH
ORDGLQJJUDQXODU LVSHUIRUPHGFDUJRHVZKLFKSXWVSUHVVXUHRQ WKHSDG±DUUDQJHGIL[HGO\RQ WKH URGVE\ WKH
OHQJWKVLOO LQVWDOOHGRQFDQWLOHYHUSODWHVE\D WKUHDGHGFRQQHFWLRQ&DQWLOHYHUSODWH WKURXJKWKHLQWHUPHGLDWH
SODWHV LV IL[HGO\ VHFXUHG WR WKH VLOO E\EROWV7KXV WKH IRUFH H[HUWHG WR WKHSODWIRUP± OHDGV WREHQGLQJRI
FRQVROHFDQWLOHYHUSODWHV
)RU UHJLVWUDWLRQ WKH GHVFULEHG SURFHVV WKH VHQVRUV RQ WKH FRQVROH SODWHV  DUH SDVVHGZKLFK FRQQHFWHG WR WKH
PHDVXULQJDQGUHFRUGLQJV\VWHPEDVHGRQGLJLWDOVWUDLQDPSOLILHU0*&SOXV+%0*HUPDQ\7KHGHYLFHLVIXOO\
FRQILJXUDEOHDQGFRQWUROOHGYLD WKHFRQWUROSDQHORU&$70$1SURJUDPZLWKDQ LQWXLWLYH LQWHUIDFH7KHSURJUDP
DOORZVIRUGDWDYDOXHFROOHFWLRQSURFHVVLQJDQGYLVXDOL]DWLRQ
'HWHUPLQDWLRQRIWKHORDGLQJRIWKHFDUERG\ZLWKGLIIHUHQWPRGHVRIRSHUDWLRQ
7RGHWHUPLQH WKHDFWXDOYDOXHRI WKH ORDG SUHVVXUH DW VLWHV±EHIRUHSHUIRUPLQJPRXQWLQJZRUNRQ WKHFDU
SHUIRUPHGFDOLEUDWLRQRIWKHFKDQQHOV,QWKHODERUDWRU\HDFKDUHDLVORDGHGE\WKHGLPHQVLRQDOFDUJRHVDQGIRUHDFK
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UHFRUGLQJFKDQQHOFRQILJXUDWLRQILOHRIFDOLEUDWLRQYDOXHVLVVWRUHG)LJVKRZVDIUDJPHQWRIWKHGHVFULEHGGHYLFH
PRXQWLQJRQWKHHQGZDOORIJRQGROD7KXVDIWHUWKHPRXQWLQJRIDVXIILFLHQWQXPEHURIGHYLFHVLQWKHERG\RIWKH
FDU FDUJR ORDGLQJ DQG UHDGLQJ WKH ILOH RI WKH UHVXOWV RI WKH FDOLEUDWLRQ WKH LQIRUPDWLRQRI WKH VWDWLF ORDGRI HDFK
VHQVRULVFRQWDLQV


)LJ)UDJPHQWRIPRXQWLQJRIWKHGHYLFH
)RUWKHIXOODFFRXQWRILQIOXHQFHRIJUDQXODUFDUJRRQDFDUERG\DWLPSDFWE\DWHFKQLTXHLWLVSURYLGHGWKDWWKHWHVW
FDU LV WKHFDUEULVN7KHVHULHVRILPSDFWVDUHSURYLGHGDWYDULRXVVSHHGVRIWKHWHVWFDU7KHVWHSE\VWHSVFKHPHRI
FDUU\LQJRXWRIH[SHULPHQWORRNVDVIROORZVIVWHS±DQLQLWLDOFRQGLWLRQWKHWHVWFDUFDUEULVNLVZLWKFDUVHPSKDVLV
IIDQGIIIVWHSVLQFOXGHFDUGHOD\RQ±PIURPFDUVHPSKDVLVE\WKHORFRPRWLYH)XUWKHUWKHORFRPRWLYHSXVKLQJ
WKH FDU EHIRUH LWVHOI ZLWK WKH RSHQHG DXWRGUDZEDU LV GLVSHUVHG DQG ³WKURZV´ WKH FDU RQ D UDLO WUDFN IV VWHS $W
PRYHPHQWWRZDUGVFDUVHPSKDVLVVSHHGRIWKHPRYLQJVLQJOHFDULVUHJLVWHUHG2QVVWHSWKHUHLVDFDUEULVNEORZLQ
FDUVHPSKDVLVDQGWKHUHFRUGLQJRIIRUFHORDGLQJDEDFNZDOORQWKHGLJLWDOFDUULHUDWDFRQVLGHUHGWUDQVLWLYHPRGHRI
PRYHPHQWWRWKHVXEVHTXHQWDQDO\VLVRIWKHUHVXOWVVI VWHS
)RUDQHVWLPDWLRQRIORDGLQJFDUERGLHVDWVORVKLQJWKHWHVWFDUUHVHDUFKLQJE\GXPSLQJIURPZHGJHVLQKHLJKWRI
PPLVSURYLGHG,PLWDWLRQRIYDULRXVPRGHVRIVORVKLQJRIWKHFDUMXPSLQJODWHUDOUROOLQJHWFLVFDUULHGRXWE\
DYDULDWLRQRILQVWDOODWLRQRIZHGJHVXQGHUZKHHOVRIERJLHVRIWKHFDU
&RQFOXVLRQV
 ,WLVVKRZQWKDWWKHIRUPXODRIQRUPDWLYHORDGLQJE\JUDQXODUFDUJRRIDERG\RIWKHFDUFRQWDLQVDPLVWDNH
WKRXJK QRW KDYLQJ HVVHQWLDO LPSDFW RQ WKH UHVXOW %HVLGHV WKH QRUPDWLYH DSSOLFDWLRQ RI SUHVVXUH IURP WKH
WUDQVSRUWHGJUDQXODUFDUJRLVQRWSRVVLEOHWRFRQVLGHUDWLRQRIDQXPEHURISK\VLFDODQGPHFKDQLFDOSURSHUWLHV
RIWKHFDUJRDQGFXUYLOLQHDUIRUPRIDERG\RIWKHFDU
7KHGHYLFHDOORZLQJWRGHILQHWKHDFWXDOYDOXHVRISUHVVXUHIURPFDUJRRQZDOOVRIDERG\RIWKHFDUDWYDULRXV
PRGHOVRIRSHUDWLRQLVGHYHORSHG
7KHH[SHULPHQWDOWHFKQLTXHRIGHWHUPLQDWLRQRIG\QDPLFORDGLQJRIDERG\RIWKHFDULVRIIHUHGDWLWHUDFWLRQ
ZLWKJUDQXODUFDUJRDQGSURFHGXUHRILWVUHDOL]DWLRQLVGHVFULEHG
7KH UHDOL]DWLRQ RI WKH RIIHUHG WHFKQLTXHZLOO JLYH WKH SRVVLELOLW\ FKDQFH WR UHFHLYH D VSDWLDO SLFWXUH RI WKH
G\QDPLF ORDGLQJFDUERGLHVE\JUDQXODU FDUJR7KH UHFHLYHG UHVXOWV FDQEHXVHGERWKDWSHUIRUPDQFH VWUHVV
FDOFXODWLRQVRIFDUVDQGDWYHULILFDWLRQRIGHYHORSHGWKHRUHWLFDOPHWKRGVRIPRGHOLQJRIORDGLQJERGLHVRIFDUV
E\JUDQXODUFDUJRHV
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